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$\frac{\partial(}{\partial t}+J(\psi, \zeta)+2\Omega\frac{\partial\psi}{\partial\lambda}=\frac{1}{R}\{(\triangle+2)\zeta+(n_{0}(n_{0}+1)-2)Y_{no}^{0}(\mu)\}$ , (1)
$t$ $\lambda$
$\mu$ $=\sin\phi$ $\sin$ $\Omega$ $R$
$\Delta$
J $(A, B)$ Jacobian J $(A, B)=\partial_{\lambda}A\partial_{\mu}B-\partial_{\mu}A\partial_{\lambda}B$ $\zeta$ $\psi$
( $=\Delta\psi$ $u=(u_{\lambda}, u_{\mu})$ $u_{\lambda}=-\sqrt{1-\mu^{2}}\partial_{\mu}\psi,$ $u_{\mu}=1$ $\sim$7$\partial\lambda\psi$ $Y_{n_{0}}^{m}(\lambda, \mu)$
$4\pi$ $n_{0}\geq 2$ $+2$
(1) $n_{0}$










$N_{T}$ , $K$ , $I$ $K\geq 3N_{T}+1,I\geq 3N_{T}/2$
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32 $Y_{2}^{0}(\mu)$ $R$ $\Omega$
Kolmogorov Iudovich[4] $(x,y)\in[-\pi/\alpha, \pi/\alpha]\cross[-\pi,\pi]$
$\alpha$ $\alpha\geq 1$ $\sin y$ $x$ 2
2
3 $Y_{3}^{0}(\mu)$
$Y_{3}^{0}(\mu)$ $S$ $\Omega$ $R$ $S$
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Fig 3 Fig 3- $S$
$R=26.13$ $S$ 2 $TW1$ (TYaveling Wave 1)
$R=70$ $TW1$ Fig. $3-(a)_{)}(b)$ $TW1$
Fig.3-(a) Fig.3-(b)






$R$ $R=103.2$ Hopf $TW1$ $R=203.8$
$TW3$ ( ) $R=500$ $TW3$ Fig.3-(e),(f) $TW3$
Fig. $3-(e)$ $TW1,$ $TW2$ Fig.3-(a),(c)
Fig.3-(f) $TW2$ $TW1$ $TW2$
$TW3$ $TW1$ $R=249.4$ Hopf
R $\leq 1000$
R $($Fig. $2-(b))$ .
2 $(x, y)\in[-\pi/\alpha,\pi/\alpha]\cross[-\pi, \pi]$ Kolmogorov Kim and Okamoto[7]








Fig.2 Bifurcation diagram and phase velocity at $\Omega=0.0$ Blue asterisks and red crosses indicate
stable and unstable branchs, respectively. (a):Bifurcation diagram of zonal flow $Y_{3}^{0}$ on a non-
rotating sphere. (b):Phase velocity of each solution in Fig. l-(a)
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Fig.3 Nolinear solutions at $\Omega=0$ . Lcft and right colums indecate vorticity and longitudinal mean
longitudinal velocity, respectibly. (a) (b):$TW1,$ $R=70,(c)(d):TW2,$ $R=100,(e)(f):TE3,$ $R=500$ .
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Fig.4 Stable regions of nonlinear solutions. The white regions are Hopf unstable.
$S$ $S$ $R-\Omega$ Fig. 5 $R\leq 10^{6}$
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) $\Omega$ $R=10^{6}$ $S$ $R$
$\Omega_{T}=-1.665$ $m_{c}$ $\Omega_{T}<\Omega<2.171=\Omega_{c}^{N+}$
$m_{c}=2$ $\Omega_{c}^{N-}=-5.727<\Omega<\Omega_{T}$ $m_{c}=1$ Fig 6
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Fig. 7 $R,$ $\Omega$ $m_{c}=2$ $\Omega$
$m_{c}=1$ $\Omega$






R $=10^{3},10^{6}$ $1.5\leq\Omega\leq 2.2$ Fig 9






Fig.5 Critical curves of $S$ . Red $+$ and gray $\triangle$ in-
dicate longitudinal wave number of critical mode
$m_{c}=2,1$ , respectively.
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Fig.6 Critical mode’s phase velocity. Red $+$ and
gray $\Delta$ indicate longitudinal wave number of crit-








Fig.7 Critical mode vorticities. Left and right columns indicate $m_{c}=2,1$ , respectively. $(a):R=$
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Fig.8 Growth rates for the fastest-growing perturbations. $Y_{3}^{0}$ is stable in the white region.
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